Introduction
============

Percutaneous nephrolithotomy (PCNL) is a safe and effective surgical procedure for the management of kidney stones, especially for large volume (\>2 cm in size) and complex stones. Some amount of bleeding, secondary to internal manipulation, is expected while accessing the pelvicalyceal system. This is usually related to disruption of the high-flow arteriovenous network closely surrounding the collecting system, which receives about 20% of the total cardiac output. Often, this bleeding is self-limiting and is spontaneously controlled. The incidence of major bleeding requiring transfusion following PCNL is 2%--23%.[@b1-rru-11-083]--[@b4-rru-11-083] Delayed and massive bleeding usually results from traumatic arteriovenous malformations, which require transcatheter angioembolization (TAE), and constitute 0.4%--2% of all cases undergoing PCNL.[@b5-rru-11-083] Pseudoaneurysms (PA) are the most common cause of delayed hemorrhage, followed by arteriovenous fistulae (AVF), mixed lesions, and lumbar artery aneurysms. Interlobar and arcuate arteries are the most common offenders developing PA, followed by the posterior segmental artery.[@b4-rru-11-083],[@b6-rru-11-083]--[@b8-rru-11-083]

Cases with massive post-PCNL hematuria, whether early or delayed, warrant an early or urgent digital subtraction angiography (DSA) and TAE to control bleeding. Delayed hematuria often presents as brisk and intermittent bleeding, and is managed initially by conservative measures (close monitoring for recurrent bleeding or fall in hematocrit, imaging tests, blood transfusions). The standard indications for DSA are recurrent or continuous bleeding with a drop in corrected hemoglobin of \>30 g/L or hemodynamic instability.[@b9-rru-11-083]--[@b11-rru-11-083] The timing of intervention is based on clinical judgment and is subjective.

Herein, we report on the diagnosis, effectiveness, morbidity, complications, and hospitalization time with primary same-day DSA and TAE in cases with post-PCNL, delayed, and brisk gross hematuria based on our experience. A secondary analysis was performed to identify the demographic factors, stone characteristics, and primary surgical factors in the included patients.

Materials and methods
=====================

A total of 1,326 PCNL procedures were performed at our tertiary care center between April 2011 and January 2017. The PCNL technique followed at our center is as follows: an initial percutaneous puncture is made under C-arm fluoroscopy guidance followed by tract dilatation with sequential teflon dilators (Cook) up to 26 F and an Amplatz sheath. Larger tracts (28 or 30 F) are usually reserved for grossly hydronephrotic kidneys with large stone burden. Smaller stones were removed by forceps, while larger or staghorn stones were broken by pneumatic lithoclast prior to their extraction. After complete clearance, a nephrostomy tube was placed. None of our patents required a second-look procedure. Complete blood count, serum creatinine, and X-ray were performed on the first postoperative day. Patients were discharged following nephrostomy tube removal after 24 hours. All patients were confirmed to have a normal coagulation profile preoperatively.

Out of 1,326 patients who underwent PCNL, 21 patients who presented to the emergency room with delayed gross hematuria were included in this study. All included patients were discharged from the hospital following an uneventful PCNL surgery. We defined delayed hematuria as readmission of the patient owing to gross hematuria and previous history of uneventful PCNL and hospital stay. Patients with intra- or perioperative hemorrhage following PCNL during the index admission were excluded. Patients were shifted to the angiography suite on the same day of readmission. Initial stabilization and blood transfusions were restricted only to patients who were hemodynamically unstable. DSA followed by selective TAE, with N-butyl-2-cyanoacrylate (NBCA) glue as the embolizing agent, was performed in a single session. Angiography was performed by an experienced interventional radiologist.

For the DSA procedure, the right main femoral artery was punctured under local anesthesia by using Seldinger technique. A 6 F vascular sheath was inserted as an introducer (Cordis; Johnson & Johnson, Miami, FL, USA). A 5 F Cobra catheter (Cordis; Johnson & Johnson) was introduced over a 0.035-inch diameter guidewire (Terumo, Tokyo, Japan), and an abdominal aortography was obtained by injecting 8--10 mL of contrast media, to demonstrate bilateral main or accessory renal arteries. Subsequently, selective renal DSA was performed by advancing the catheter into the injured branch of the renal artery feeding the lesion. Rapid filming of sequences and careful examination of all phases of the arteriogram were performed to assess the site of bleeding, feeding pedicle, flow pattern, and venous drainage of the vascular lesion. Superselective angiogram was performed by using a 2.8 F microcatheter (Progreat; Terumo). The catheter was inserted as close as possible to the lesion, and was flushed with 10% dextrose before injecting NBCA (Gesika; Reevax Pharma Pvt Ltd, Hyderabad, India) mixed with lipiodol (Guerbet) in 1:2 dilution. The microcatheter was removed immediately after the injection and a check angiogram was performed. Average volume of glue used was 0.5--1.5 mL. The procedure was deemed complete when total occlusion of the lesion and cessation of the hemorrhage was confirmed on the control angiogram. An example of a large PA being embolized by cyanoacrylate glue is shown in [Figures 1](#f1-rru-11-083){ref-type="fig"} and [2](#f2-rru-11-083){ref-type="fig"}.

"Technical success" of TAE was defined as complete occlusion of the offending vascular lesion as documented by immediate post-procedural angiography. "Clinical success" was defined as cessation of hematuria and the return of hemoglobin and serum creatinine to normal levels, with no recurrence of hemorrhage within 4 weeks following the procedure.

The primary operative and demographic data of the patients were obtained from their hospital medical records. Stone characteristics, number and location of kidney punctures, timing and nature of delayed bleeding, blood transfusion requirements, presence of comorbid diseases such as diabetes mellitus, intraoperative complications, nature of vascular lesions on angiography, and the response to TAE were analyzed. Statistical tests performed included Student's *t*-test. All analyses were performed by using a statistical software (R version 3.4.1).

The study was carried out following approval by the institutional ethical board. Written and informed consent was obtained from all patients or their guardians.

Ethical approval
----------------

All procedures performed in studies involving human participants were in accordance with the ethical standards of the Apollo Hospital Ethical Committee (Approval No Uro/2/2017) and with the 1964 Helsinki Declaration and its later amendments or comparable ethical standards. Informed consent was obtained from all individual participants included in the study.

Results
=======

A total of 21 patients (males, 18 \[85.71%\]) with a mean age of 37.05±11.96 years (range, 21--60 years) were included. The right and left kidneys were affected in 9 (42.86%) and 12 (57.14%) patients, respectively. Nineteen (90.48%) patients had staghorn calculi, and one patient each (4.76%) had multiple and single calculus, respectively. In 12 cases (57.14%), multiple punctures were required in addition to upper calyceal entry, as part of PCNL. The average operative time was 84.29±17.92 minutes. Two patients had diabetes mellitus, while four had mildly elevated creatinine levels ([Tables S1](#SD1-rru-11-083){ref-type="supplementary-material"} and [S2](#SD2-rru-11-083){ref-type="supplementary-material"}).

The mean time of onset of hemorrhage was 10.10±2.67 days post-PCNL. The average time gap between the onset of bleeding and TAE was 4.31±0.64 hours (range, 3.5--5.5 hours) ([Table 1](#t1-rru-11-083){ref-type="table"}). Sixteen patients presented with "sudden-onset" hematuria (urine suddenly turned bright red, with cloturia and clot colic), three with history of "continuous" mild hematuria for a few days followed by an episode of brisk bleeding, and two presented with "hemodynamic instability".

The mean fall in the corrected hemoglobin between the pre-PCNL period and the first post-PCNL day was significant (1.71±0.98 g/dL; *P*-value \<0.05). The mean fall in the corrected hemoglobin between the first post-PCNL day and the readmission was also significant (1.67±0.92 g/dL; *P*-value \<0.05). Similarly, there was a significant fall in the post-PCNL to TAE period (−0.55±0.70 g/dL; *P*-value 0.0013\<0.05). There was a significant gain in the hemoglobin values from readmission to 3-month follow-up period (2.17±1.08 g/dL; *P*-value \<0.05), readmission to 24 hours post-TAE period (1.12±1.03; *P*-value \<0.05), and 24 hours post-TAE to 3-month follow-up period (1.05±0.62; *P*-value \<0.05) ([Table 2](#t2-rru-11-083){ref-type="table"}).

The number of patients who required blood transfusions during PCNL was seven (33.33%). The mean transfusion volume was 300 mL. The number of patients who received blood transfusions during TAE was six (28.57%), and the mean transfusion volume was 600±509 mL (95% CI: 193, 1007)

DSA was used as the first imaging modality and revealed vascular lesions in all 21 patients. The vascular lesions included PA in 14 (66.66%) cases, AVF in 2 (9.52%), and mixed lesions in 5 (23.81%) ([Table S3](#SD3-rru-11-083){ref-type="supplementary-material"}). Complete cessation of bleeding with source control was achieved in all patients. Two patients required cystoscopy and clot evacuation on the post-TAE day to clear residual clots. However, there was no evidence of fresh bleeding following embolization.

In four patients, creatinine level increased beyond the usually expected elevation following TAE. The elevated levels in these patients were in the range of 2.8--4.1 mg/dL, probably owing to acute renal insufficiency. These values normalized by the time of their discharge from the hospital. The increase in the creatinine level (mg/dL) between the pre-PCNL and post-PCNL period was mild but significant (0.17±0.16; *P*-value \<0.05). There was no significant change in the post-PCNL to readmission period (0.01±0.19; *P*-value, 0.826\>0.05). There was a significant increase in the post-PCNL to TAE period (0.72±0.53; *P*-value \<0.05) and in readmission to 24 hours post-TAE period (0.71±0.53; *P*-value \<0.05). There was a significant reduction in the readmission to 3-month follow-up period (−0.13±0.21; *P*-value \<0.05), and in the 24 hours post-TAE to 3-month follow-up period (−0.84±0.60; *P*-value \<0.05) ([Table 2](#t2-rru-11-083){ref-type="table"}). The changing pattern of hemoglobin and creatinine values from the pre-PCNL time up to 3 months post-TAE is depicted in [Table S2](#SD2-rru-11-083){ref-type="supplementary-material"}. Overall, at the end of 3 months of follow-up, there was no significant change in the creatinine values of our patients.

Discussion
==========

PCNL is the most common modality of removal for renal stones \>2 cm size, especially complete staghorn and complex stones. Hemorrhage is a natural accompaniment of PCNL surgery, which is self-limiting in most cases. However, in 2%--23% of cases, "acute massive hemorrhage" necessitating blood transfusion can occur in the intra- or perioperative period.[@b1-rru-11-083]--[@b4-rru-11-083] "Delayed hemorrhage" is relatively uncommon following PCNL (1%--1.8% of all PCNL cases) and is mainly due to traumatic vascular lesions such as PA, AVF, or mixed lesions.[@b6-rru-11-083],[@b11-rru-11-083]--[@b13-rru-11-083] This usually starts around 1 week following surgery and presents as an intermittent, continuous, or sudden form of bleeding. Patients often require readmission, blood transfusions, and interventional measures such as DSA and TAE. Selective renal angiography remains the gold standard procedure because of the added advantage of endovascular treatment during the same session, which is the most appropriate treatment modality for arterial lesions.[@b14-rru-11-083]--[@b17-rru-11-083]

"Delayed post-PCNL hematuria" most commonly presents as "intermittent bleeding". According to previous studies, post-PCNL bleeding in stable patients can be managed successfully by conservative measures, and only few (4%--5%) patients require embolization, implying that the majority of patients do not need DSA or TAE.[@b1-rru-11-083],[@b3-rru-11-083] It is well known that during this period of monitoring, patients may experience clot colic, clot retention, and recurrent bleeding episodes requiring multiple transfusions. All these complications potentially increase the morbidity and hospitalization time.

Abrupt, brisk, and intermittent bleeding is the hallmark of PA and AVF. In the presence of a high suspicion of vascu lar injury, early renal angiography is a key factor in patient management. Shortening the time gap between the bleeding episode and endovascular treatment may result in reducing the number of hospitalization days.[@b17-rru-11-083] According to Jinga et al, the mean interval between debut hematuria and the decision to transfer the patient to the interventional radiology suite is often prolonged (156.72±41.76 hours) in most cases that present with intermittent bleeding.[@b2-rru-11-083] Li et al, in a multicenter retrospective study, identified the average time from the onset of bleeding to TAE as 2 days.[@b17-rru-11-083]

According to literature, despite the 5% negative angiography rate, the presence of a demonstrable and treatable etiology in the remaining 95% strongly supports the use of renal angiography as the first-line imaging modality.[@b18-rru-11-083] Thus, the benefits of early DSA far outweigh its disadvantages. In our study, all 21 (100%) cases had demonstrable vascular lesions that were successfully managed by TAE. Also, our interval between debut hematuria and embolization was short (mean, 4.31±0.64 hours), resulting in early diagnosis and timely management of the offending bleeding source. This figure of TAE (1.4% of all PCNL cases) is consistent with the literature review. However, in our study, the proportion of patients presenting with delayed bleeding and the fact that all of them required TAE needs an explanation. It is possible that the majority of patients with mild post-PCNL bleeding may have ignored the initial intermittent bleeding episodes and attended the emergency room only when there was bright red, brisk bleeding. Also, patients may be living at places distant from the hospital restricting their visit only on serious bleeding. Our observations strongly support the need for prompt selective angiography as a first-line measure in all discharged patients presenting as delayed, gross hematuria, without the need to spend time on conservative measures.

TAE is a lifesaving as well as a kidney-sparing procedure. The success rates of TAE ranges from 85% to 100% in different series of patients.[@b1-rru-11-083],[@b2-rru-11-083],[@b6-rru-11-083],[@b7-rru-11-083],[@b9-rru-11-083],[@b19-rru-11-083],[@b20-rru-11-083] Our success rate of 100% is consistent with the literature. The choice of embolization material is important in achieving good results, and depends on the accessibility, size, and flow pattern of the vessels to be occluded.[@b2-rru-11-083] Ideally, embolization should occlude both the upstream and downstream vessels of the PA. Metallic or microcoils are considered as agents of first choice, followed by gelfoam, autologous blood clot, or glue.[@b13-rru-11-083],[@b18-rru-11-083]

The complications of embolization are rare and include renal artery dissection, coil migration, post-embolization syndrome, non-target embolization, and loss of renal function. In about 5% of cases, TAE fails to stop hemorrhage.[@b4-rru-11-083] Renal function can be affected by contrast media-induced nephropathy or collateral loss of functional renal tissue. TAE causes an immediate parenchymal perfusion deficit of 0%--20% (mean deficit, 9%), and a permanent perfusion deficit of 0%--10% (mean deficit, 5%). However, in most cases there is a transient rise in serum creatinine that returns to normal pre-injury levels within 10 days of the procedure.[@b6-rru-11-083] Short-term deleterious effects are more pronounced in patients with solitary kidneys. Extremely superselective techniques and the use of platinum microcoils can preserve functional renal parenchyma.[@b13-rru-11-083],[@b15-rru-11-083],[@b17-rru-11-083],[@b18-rru-11-083] In our study, no significant post-embolization complications were identified. However, in a few cases, we identified a significant increase in the creatinine level 24 hours post-TAE, which stabilized within the 3-month follow-up period.

Our study is limited by its retrospective nature and small sample size. Moreover, we did not perform followup diethylene triamine pentaacetic acid nuclear renogram or contrast-enhanced computed tomography in our cases. Thus, the exact loss of differential renal function or an assessment of the post-embolization infarct area could not be performed. A prospective, multicenter, randomized study comparing primary DSA and initial conservative monitoring is required to confirm their respective roles in the management of patients presenting with delayed hematuria following PCNL.

Conclusion
==========

Delayed post-PCNL bleeding is a rare but severe complication of PCNL. DSA as first-line imaging modality with same-session TAE appears to be a safe, effective, and time-saving alternative to the conventional initial conservative management in patients presenting with this complication. A high index of suspicion for vascular lesions and radiologic acumen is fundamental to their management.

Supplementary materials
=======================

###### 

Demographic and primary treatment (PCNL) and TAE characteristics (n=21)

  Parameter                   N (%) or mean±SD
  --------------------------- ------------------
  **Sex**                     
  Male                        18 (85.71)
  Female                      3 (14.29)
  **Age (years)**             37.05±11.96
  **Stone side**              
  Right                       9 (42.86)
  Left                        12 (57.14)
  **Stone size (cm)**         3.97±0.53
  **Stone burden**            
  Single                      1 (4.76)
  Multiple                    1 (4.76)
  Staghorn                    19 (90.48)
  **No of access(es)**        
  One                         9 (42.86)
  Two                         12 (57.14)
  **Access points of PCNL**   
  **Single access**           9 (42.85)
  Upper                       0 (0.00)
  Middle                      5 (55.56)
  Lower                       4 (44.44)
  **Multiple access**         12 (57.14)
  Upper                       12 (100)
  Middle                      1 (8.33)
  Lower                       11 (91.67)

**Abbreviations:** PCNL, percutaneous nephrolithotomy; TAE, transcatheter angioembolization.

###### 

Hemoglobin and creatinine levels (mean±SD, 95% CI) (n=21)

                             Pre-PCNL                    Post-PCNL                 Presentation with bleeding episode (readmission)   24 hours post-TAE        Post-TAE 3-month follow-up
  -------------------------- --------------------------- ------------------------- -------------------------------------------------- ------------------------ ----------------------------
                                                                                                                                                               
  Hemoglobin level (g/dL)    11.70±1.03 (11.26, 12.15)   9.99±0.54 (9.76, 10.22)   8.32±0.98 (7.90, 8.74)                             9.44±0.53 (9.21, 9.66)   10.49±0.55 (10.25, 10.72)
  Creatinine level (mg/dL)   1.18±0.35 (1.03, 1.33)      1.35±0.41 (1.17, 1.52)    1.67±0.92 (1.28, 2.07)                             2.06±0.78 (1.73, 2.40)   1.22±0.32 (1.09, 1.36)

**Abbreviations:** PCNL, percutaneous nephrolithotomy; TAE, transcatheter angioembolization.

###### 

Incidence of vascular lesions on angiography (n=21)

  Lesions                       No (%)
  ----------------------------- ------------
                                
  Pseudoaneurysm (PA)           14 (66.67)
  Arteriovenous fistula (AVF)   2 (9.52)
  PA + AVF                      5 (23.81)
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![Post-PCNL, large pseudoaneurysm developed in the lower pole with the feeder artery seen during angiography.\
**Abbreviation:** PCNL, percutaneous nephrolithotomy.](rru-11-083Fig1){#f1-rru-11-083}

![Successful obliteration of the feeder segmental artery following TAE.\
**Abbreviation:** TAE, transcatheter angioembolization.](rru-11-083Fig2){#f2-rru-11-083}

###### 

Operating time and duration of hospitalization (n=21)

  Intervention parameters                        Mean          95% CI
  ---------------------------------------------- ------------- --------------
                                                               
  Operation time for PCNL (minutes)              84.29±17.92   76.62, 91.95
  Hospitalization for PCNL (days)                2.38±0.51     2.16, 2.60
  Readmission-to-TAE interval (hours)            4.31±0.64     4.04, 4.58
  Time gap between PCNL and readmission (days)   10.10±2.67    8.95, 11.24
  Post-TAE hospitalization (days)                3.29±0.87     2.92, 3.66

**Notes:** Data are presented as mean±SD.

**Abbreviations:** PCNL, percutaneous nephrolithotomy; TAE, transcatheter angioembolization.

###### 

Changes in hemoglobin and creatinine levels

  Changing pattern                            Hemoglobin level (g/dL)     Creatinin level (mg/dL)                                                            
  ------------------------------------------- --------------------------- ------------------------------------------------------ --------------------------- ------------------------------------------------------
                                                                                                                                                             
  Pre- to post-PCNL                           −1.71±0.98 (−2.14, −1.29)   \<0.001[\*\*](#tfn3-rru-11-083){ref-type="table-fn"}   0.17±0.16 (0.10, 0.23)      \<0.001[\*\*](#tfn3-rru-11-083){ref-type="table-fn"}
  PCNL to readmission with bleeding episode   −1.67±0.92 (−2.07, −1.28)   \<0.001[\*\*](#tfn3-rru-11-083){ref-type="table-fn"}   0.01±0.19 (−0.07, 0.09)     0.826
  Post-PCNL to TAE                            −0.55±0.70 (−0.85, −0.26)   0.0013[\*](#tfn4-rru-11-083){ref-type="table-fn"}      0.72±0.53 (0.49, 0.95)      \<0.001[\*\*](#tfn3-rru-11-083){ref-type="table-fn"}
  Readmission to 3-month follow-up            2.17±1.08 (1.71, 2.63)      \<0.001[\*\*](#tfn3-rru-11-083){ref-type="table-fn"}   −0.13±0.21 (−0.22, −0.04)   0.00796[\*](#tfn4-rru-11-083){ref-type="table-fn"}
  Readmission to 24 hours post-TAE            1.12±1.03 (0.68, 1.56)      \<0.001[\*\*](#tfn3-rru-11-083){ref-type="table-fn"}   −0.71±0.53 (−0.94, −0.49)   \<0.001[\*\*](#tfn3-rru-11-083){ref-type="table-fn"}
  Post- TAE to 3-month follow-up              1.05±0.62 (0.79, 1.32)      \<0.001[\*\*](#tfn3-rru-11-083){ref-type="table-fn"}   −0.84±0.60 (−1.10, −0.59)   \<0.001[\*\*](#tfn3-rru-11-083){ref-type="table-fn"}

**Notes:**

*P*-value \<0.01,

*P*-value \<0.05.

**Abbreviations:** PCNL, percutaneous nephrolithotomy; TAE, transcatheter angioembolization.
